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THE  BEKEPICIATION  OP  NICKEL  OXIDE  ORES 
(USSR) 

(Ye 3  Ko  Zagirova  and  Tsi  Chzhi-Chzhon  took  part  in  this  work) 


Tsvetnyye  Metally  Go  A.  Khan,  A.  I.  Zarakhani 

/Ferric  Metals/7^ 

jfo  11,  November  1959?  Moscow, 

Pages  I8-25? 

Russian,  per 

At  the  present  time  nickel  oxide  ores  are  refined  by  roduotion- 
sulfidization  smelting  in  shaft-type  furnaces  o  Eie  immediate  melting 
of  the  entire  mass  of  ore  req,uires  a  high  q.uantity  of  coke  (up  to  AO 
tons  for  one  ton  of  nickel)  and  gives  a  low  yield  of  metal  (on  the  order 
of  65^)0  Therefore,  for  the  sake  of  economy  it  is  expedient  to  utilise 
for  this  purpose  only  comparatively  rich  ores,  containing  over  O^Sfo  Mo 
For  the  economical  refining  of  poorer  grade  ores  it  is  necessary  to 
benefitiate  them  beforehand. 

However,  basic  investigations  on  the  benefioiation  of  nickel  ores 
prove  that  these  ores  do  not  yield  to  the  usual  methods  of  concentration^ 

Investigations  /J,  5»  ^  show  that  in  such  ores  nickel  only  occurs 
in  the  foim  of  isolated  minerals  (garnierite,  nickel -bearing  minerals, 
etc.)o  A  considerable  pa.rt  of  the  nickel  is  replaced  isomorphically  by 
other  cations  in  various  silicates  or  is  absorbed  by  thcmo  On  the  basis 
of  a  study  on  the  solubility  of  ores  and  their  ingredients  in  various 
solvents  it  was  deteriained  that  nickel  is  chiefly  connected  with  iron- 
and  aluminum-^magnesium  compounds  and  only  part  of  it  is  found  in  the 
form  of  a  free  nickel  silicate o 

During  experimentation  with  the  benefioiation  of  ores  ^7  the 
most  diverse  methods  of  flotation  were  tried,  and  many  flotation 
reagents  tested^  However,  no  positive  results  were  obtained.  HydrO” 
meta3.1urgical  methods  (with  the  exception  of  ammonium  leaching  of  the 
concentrated  ore)  were  also  not  applicable,  chiefly  because  of  the  high 
consumption  of  the  solvent. 

Because  of  this  it  was  necessary  to  find  other  means  of  benefioia¬ 
tion  of  creso  One  of  the  methods  was  benefioiation  with  a  preliminary 
pyrometal7t.urgic  preparation  of  ore. 
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Ab  a  preliminarY;  operation  in  the  heneficiationj  reduction  of  the 
ores  was  undertaken  /2,  The  reduced  material  was  then  subjected  to 

magnetic  separation  flotation,  and  leaching*  Not  one  of  these  methods, 
however,  yielded  a  sufficiently. high  extraction  of  recovered  nickelo 

In  his  time,  G#  A*  Sha-khov  proposed  a  preliminary  sulfidization 
of  nickel  oxide  ore  with  suhseq.uent  flotation  of  the  sulfidized  materialo 
However,  with  the  utilization  of  ferrous  sulfide  for  this  purpose  in  the 
.absence  of  a  reducing  agent  the  degree  of  sulfidization  amounted  to 
whereas  with  the  utilization  of  the  vapor  of  elemental  sulphur  all  of 
the  iron  was  sulfidized  completely  along  with  the  nicke©  Therefore, 
flotation  indices  were  very  low. 

In  1952,  in  Mintsvetmetzoloto  ^/Soskovskiy  Institut  Tsvebnykh 
Metallov  i  Zclota—Moscow  Institute  of  Nonferrous  Metals  and  Gol^  along_^.. 
with  Yo  A.  and  A.  V.  Vanyukov,  under  the  leadership  of  Ao  V^  Yanyulcova 
vre  carried  out  a  more  detailed  investigation  on  the  sulfidization  of 
nickel  oxide  ore  and  its  subsequent  flotation.  The  results  revealed 
that  the  preparation  of  the  ore  must  not  only  include  the  transformation 
of  the  oxide  compotinds  of  nickel  into  sulfides,  but  the  crystallization 
of  the  obtained  sulfides  into  sizes  which  insure  their  extraction  during 
flotation. 

From  a  number  of  methods  tried  for  the  preparation  of  nickel  oxide 
ore  for  flotation,  the  most  successful  was  the  method  of  preliminary 
reduction  of  the  ore,  with  subsequent  sulfidization  v/ith  pyrite  in  a 
cylindrical  rotating  kiln  and  coarsening  ^in  size/  of  the  obtained 
sulfides  e. 

The  tests  were  performed  with  low-grade  nickel  oxides  from  the 
Aydarbakskian  deposit,  containing  0.74^  Ni,  in  the  laboratory  with  a 
cylindrical  rotating  kiln. 

The  higher  ferric  oxide  was  reduced  to  ferrous  oxide  with  gaseous 
(CO2  Hr  go)  and  solid  (coke  dust)  reducing  agents. 

The  reduced  material  was  subjected  to  sulfidization  in  a  nitrogen 
atmosphere  at  1 000-1 200°. 

From  microscopio  investigations  it  was  determined  that  the  nickel 
in  ore  sulfized  in  this  manner  rarely  occurs  in  form  of  pentlandite  but 
is  most  frequently  associated  with  pyrrhotite  and  metallic  ore  forming 
solid  solutions.  Complex  sulfide  mixtures  are  also  encountered, 
composed  of  pyrrhotite,  metallic  iron,  and  megnetite. 

The  composition  and  structure  of  the  treated  material  change 
considerably,  depending  on  the  conditions  of  the  sulfidization The 
ratio  of  pentlandite  to  pyrrhotite  changes  with  the  size  of  the  ir?.ciusicn3,. 
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-In  the  coarse  particles  pentlandite  predominates;  in  the  fine^'  ones 
pyrrhotite  predominates.  The  degree  of  coax'seneL  of  the 
aepends  on  the  temperature  and  colding  time.  With  the  lowering  S  the 
temperature  froj  1200  to  1000°  th,  extraotion  of  niokel  SJS  tt 

It  decreased;  this  is  explained  hy  the  fact  that  sufficient 
-t I  .y  in  the  softened  sulf?.de  mass  takes  place  only  at  1200*^. 

The  technological  indices  of  flotation  are  influenced  the 
consumption  Ox  pyrite  during  sulfidizationo  With  an  increased  consumption 

oon=i5ite"SoS!  “  luoreaeed,  but  the  guality  of  the 

these  laboratory  investigations  this  Institute, 
the  workers  of  the  Yuzhuralnikel  Comhine  ^YuEhno-Ural^sliiy 
nikexe-vyi  za-vod.,  -«  Soxvfch  Urai  Nickel  Plant  in  Orsk/,  canded  o’d 
semi-commercial  investigations  to  sulfidize  ore  with  pyrite  and  deduce 
-tu  u„.aeci,ly  w.!.o.h  coxe  dust  aiid  Kuznetsk  coals  in  the  presence  of 
phospnate  rocks  and  NaP,  and  also  without  them,  axid  the  subsscuent 
xe4.ining  of  the  prex^ared  product  c 

^  out  these  tests,  the  exjperimental  refining  fur-ac/’ 

Combins  £ms  uo8<?7  composed  tl  Wo 
*  1.04  m)  and  fho  refining 
p  -t  X  C,56  m),  xinjied  by  a  reloading  attachment.  The  kiln  was 

90o  t^30o''''ln"°^“^  ‘^S'^Pe^’sture  in  the  reduction  zone  was 

yuu-y^u  5,  in  ohe  suifiaising  zone,  from  1l60-1180^o 

ro^v  absence  of  a  constantly  working  coarsendng 

concentration  apparatus  the  medium  sized  samples  of  the  preliXarr 
x.ateo.  u.al  were  subjected  to  testing  for  concentration  xuide’’  orj  v 
.-..uDcraxory  conditions.  -  ■>-J 

■■3  shci’^^'iS^Shiri''"  m:;^thods  of  pyrometallurgical  preparation 

tested  "Vhioh  reducing  sulfidizing  roast  was 

^eoted,  ^hich  in  principle  can  be  done  during  the  extraction  of  the 

iif  niaimum  sulphur  content,  as  well  as  d’oring 

sulfide  phase,  which  scarcely  contoains  any  metal 
-nd  +hl  achieved  by  the  change  of  the  ratio  of  the  reducing  a-o-ent 

Basically,  these  two  methfds-^ 


deposit  as'^w-n  out  witn  submarginal  ores  of  the  Aydarbakskiy 

the  Kimpersaysk,  Akermanovsk,  and 

luxe  Lurukoai'sk  deposits  with  a  commercial  nickel  content. 


Table  1 


A  Comparison  of  the  Method  of  ^yrometallurgic  Preparation  of  Ores 


Type  of  ore  Working  Composition  Method  of  Yield  in  jo 


Method 

of  matte 
Inclusions 

Oxidation 

Concentrate* 

Residue 

Kimpersaysk 

Deposit 

Coke  dust 

10-159^ 

pyrite 

10-15?^ 

Pentlandite 

70-85^ 

Metalio 

Phase 

5-1 5/» 

magnetic 
separa¬ 
tion  and 
flotation 

*98  ,15.43 
7c45  T 

84.57 

Kimpersaysk 

Deposit 

Coke 
dust  y/a 
pyrite 

15/^ 

Pentlandite 

20-40^ 

pyrrhotite 

50-705^. 

Metallic 
phase  5-155^ 

Flotation 

and 

magnetic 

separation 

^^•51 1 -14.74 

85.26 

Akermansk 

Deposit 

Coke  Pentlandite 

dust 

30-40^  pyrrhotite 

Pyrite  5^  10-70^ 
Limestone  metallic 

5^  phase 

30-.50fo 

magnetic 
separa¬ 
tion  and 
flotation 

W;e2j  26.38 

75.62 

Borulctal’  sk 
Deposit 
(Magnesia) 

Coke 

dust 

20^ 

Metallic 

phase 

6.74-7.1/0 

M 

Wet 

magnetic 
separa¬ 
tion  on  a 
magnetic 
separator 

11  .91 

88,09 

Buruktal ' sk 
Deposit 
(Magnesia) 

Coke 

dust  20?^ 
phosphor 
5^0 

Metallic 

phase 

10.95- 

16.37/  Ni 

Dry 

magnetic 
separation 
on  a  disc 
separator 

9.75 

90,27 

*  Upper  figure  is  the  sum  of  concentrates  and  flotation  —  lower  the 
intermediate  product. 
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Table  1  (Cdiatiriiied) 


Type  of  ore 

Working 

Composition 

Method  of 

Yield  in 

Method 

of  matte 
Inc2.u33.ons 

Oxidation 

Concentrate*^ 

Residue 

Birrolctal '  sk 
Deposit 
(Magnesia) 

Coke 

dust 

20fo 

STa? 

Metallic 

phase 

8.85-25^  Ni 

Wet 

magnetic 
separation 
on  drum 
type 

separatoi’ 

l5o? 

84r30 

Bm-uktal*  sk 
Deposit 
(Magnesia) 

Coal 

Kueaietsk 

23fo 

Phosphate 
rock  5?^ 

Metallic 

phase 

1'io25  - 
14.65?^ 

Hi 

l^^et 

magnetic 
separation 
on  di^um 
type 

separator 

18.77 

91.10 
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Table  1.  (Continued) 


Type  of  ore 

Content  in  5^ 

Extraction 

in  io 

Remarks 

Sinter  Concentrate*  Residue 

Concentrate*  Residue 

Kimpersaysk 

Deposit 

1.51 

0.25 

14.02 

Kj.mpersaysk 

Deposit 

1.57 

0.50 

77  •52  V.  01.55 
4»C3/ 

I8.65 

Akermansk 

Deposit 

1.96 

10.90  W j 
2.24/ 

0,12 

58X95.51 

13.15/ 

4.49 

Buruktal'sk 

Deposit 

(Magnesia) 

1.05 

8.21 

0.083 

92.85 

7.15 

Thi  clones  s 
of  initia! 
material 

0.53  mm 
streng-ch 
of 

magnetic 
field 

765 

oerstsds 

Size  of 
initial 
material 
1  nun; 

H  cf  basic 
sexmra.tion 
2058 

oersted? 

H  process¬ 
ing  640 
oersted,. 
Viet 

separation* 
on  drum 
separator 
of  the 
given 
example 
(fc  af3  nc  0 
carried 
out. 
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BurvJctal'  sk 

Deposit  0.92  8.56  0.122  88.1  11. 90 

(Magnesia) 


Table  1,  (Continued) 


Type  of  ore 

Content  in  io 

Extraction  in  % 

Remarks 

Sinter  Concentrate*  Residue 

Concentrate*  Residire 

Buruictal*  sk 
Deposit 
(Magnesia) 

0^83  4.87 

0,08 

91.91  8.09 

Size  of 
initial 
material 
1  mmi 

E  =  765 
oersted 

Buruktal*  sk 

• 

Deposit  0c87 

(Magnesia) 

4o24 

O0O96 

91.10 

8,9 

H  =  765 
oerst. 

The  ccnsumption  of  coke  dust  changed  from  3  to  4^?  pyrite 
from  3  to  of  the  weight  of  the  original  ore®  In  individual 

hatches  5^  limestone  was  added  in  order  to  decrease  the  temperature 
of  the  smelted  ore  in  the  feed. 

Microscopic  investigation  ^ee  Not^  revealed  that  in  all  ore  samples 
including  those  fired  with  various  admixtures  as  well  as  those  not 
containing  admixtures,  and  in  the  henef iciation  products,  two  sharply 
different  components  are  found;  the  slag, and  the  matter  The  first  one 
has  the  principal  amount  of  clinkering  capacity  and  has  a  relatively 
constant  composition,  depending  little  on  the  makeup  of  the  kiln.  In 
it  glass  and  p;j/Toxenes,  (Fe,  Mn)SiO^,  predominate 5  also,  white  quartz, 
chrome  spinellides,  and  coke  are  found.  In  the  second  component  all 
elements  are  found  which  comprise  the  metallic  phase  and  the  sulfides. 

In  a.  number  of  cases  the  sulfides  are  generally  absent  in  the  sintero 
The  matte  part  consists  of  ferrcnickel  (FejlTi)  with  a  variable  content 
of  iron  and  nickel,  pyrrhotite  with  an  admixtiire  of  nickel,  and 
pentlandite  in  the  form  of  separate  deposits  or  thin  blades  which  are 
formed  d'oring  the  decomposition  of  pyrrhotite.  (/NoteJ  Microscopic 
investigations  were  carried  out  by  A.  Yu.  Malevsky.) 

In  carrying  out  the  process  for  the  obtaining  of  the  sulfide 
phase,  even  with  a  minimum  consumption  of  the  reducing  agent  (coke  5^)? 
in  the  matte  comprising  the  sinter,  from  5  to  15?^  of  the  metallic 
phase  is  combined,  therefore  a  combined  method  of  beneficiation  was 
adopted;  flotation  and  magnetic  separation.  Depending  on  the  ratio, 
of  pyrite  an.d  coke  in  the  feed,  the  magnetic  separation  is  u^feilized 
either  in  the  beginning  of  the  test  or  at  the  endc 


With  the  consumption  of  10-15^  coke  and  the  same  amount  of  pyrite 
in  the  matte,  the  metallic  phase  occurs  in  the  form  of  large  buttons 
which  are  difficult  to  extract  by  flotation;  therefore,  in  this 
particular  method  ma^gnetic  separation  preceeded  flotation.  In  such 
sequence  of  the  operations  approximately  45?^  nickel  is  extracted  into 
a  magnetic  concentrate  containing  I4®5f®  Wi.  About  31^  nickel  is 
extracted  into  13?^  nickel  flotation  concentrate.  The  total  extraction 
of  nickel  in  the  concentrate  and  intermediate  product  with  a  mean 
weight  content  of  8 .4/^  amounts  to  approximately  60fo, 


Magnetic  separation  was  carried  out  with  the  aid  of  a  hand  magnet, 
whereas  the  flotation  was  done  in  a  laboratory  flotation  machine  750  cm^ 
in  volume,  solid  :  liquid  ratio  =  1:3>  in  two  stages.  The  finess  of 
the  millings  before  the  first  stage  is  ^OSCffo  less  than  0.074  nim|  before 
the  second  one  it  is  90-95?^  less  than  0.074  12m®  -be  consumption  of 
butyl  xantbate  amounts  to  2G0-300  and  pine  oil  120-130  g/t.  Such  an 
increased  consumption  of  reagents  is  conditioned  by  the  presence  In  the 
sinter  of  coke  dust. 
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In  lowering  the  coke  dust  content  cf  the  feed  to  5^,  a  finer 
impregnation  of  matte  particles  is  obtained,  and  therefore  flotation 
has  to  be  utilized  as  the  principal  method  of  benef iciation.  The 
(luality  of  the  flotation  concentrate  with  such  a  consumption  of  coke 
dust  is  lov/ered  somewhat  apparently  as  a  result  of  the 

lowered  pjentlandite  content  in  the  matte  comprising  the  sinter,  70-85 
to  With  such  a  method  of  prepax*ation  almost  the  entire 

metallic  phase  changes  into  a  flotation  concentrate,  and  the  extraction 
of  nickel  increases  to  77 *55^  in  thise  However,  the  magnetic  separation 
remains  as  a  contro?.ling  operation  and  is  used  for  catching  coarse 
pieces o  In  most  experiments  the  magnetic  concentrate  comprises  an 
intermediate  ^iddlin^  product  containing  approximately  2fo  The 
thtal  extraction  of  the  concentrate  with  an  average  weight  content  of 
7o57/^  ^i  amoimts  to  81 

In  carrying  on, the  process  for  obtaining  the  metallic  phase,  the 
coke-dust  amounted  to  20-45?^  but  pyrite  was  5/^o  In  order  to  lower  the 
smelting  temperature  of  ore  in  the  feed,  5/^  of  limestone  w^as  added* 

The  sinter  thus  obtained  differed  in  the  variability  of  composition 
of  the  matte  inclusions,  the  metallic  phase  amounting  to  10-16^5 
pyrrhotite  10-7C^?  and  pentlandite  20-50^. 

With  such  a  regimen  of  ore  preparation,  the  combined  method 
(magnetic  separation  and  flotation)  yields  good  technological  results* 
Sixty-five  to  82^  of  the  nickel  is  extracted  into  the  magnetic 
concentrate,  containing  8-11^  Ni*  Additionally p  13-25?^  nickel  is 
extracted,  yielding  a  concentrate  containing  3-4^  ‘I'he  tailings 
contain  0*10-0*15?^  Hi,  while  the  sinter  centadns  1o3-1«57^  Hi*  The 
total  extra.ct*J,on  of  nickel  into  the  concentrate  and  middling  which  has 
to  be  returned  to  the  furnace,  amounts  to  90-95?^« 

In  addition  a  dried  reduction  of  the  ore  without  the  addition  of 
pyrrte  with  a  20fo  of  consumption  cf  coke  dust  and  of  limestone  was 

tried®  The  concentx‘aticn  of  the  sinter  was  carried  out  by  magnetic 
separation*  The  controlling  flotation  cf  the  residue  by  magzo.etic 
sepa^ration  did  not  give  positive  results®  The  extraction  of  nickel  in 
the  magnetic  concentrate  amoimted  to  80-875^  at  a  9-^2^  content  o  The 
nickel  content  in  the  sinter  was  0*8-1  *5^0* 

Tests  have  shown  that  in  changing  the  consumption  cf  the  reduction 
agent  a  considerable  yield  of  the  metallic  phase  -with  a  high  cobalt 
content  may  be  obtained# 


Taking  into  accomt  completely  satisfactory  indices  of  magnetic 
ser^aration  of  the  sinter,  obtained  without  the  addition  with  sulfides, 
f*arther  investigations  were  carried  out  with  the  object  of  selecting 
the  optimism  means  of  reduction^  -  method  of  benef  iciation  and  type  of 
magnstio  separation.  The  contents  of  the  tested  feeds  are  shown  in 
Table  2o 
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Table  2 


The  Contents  of  the  Feed,  io  of  Ores 


Coke  Du»st 

Kuznetsk  Coal 

Fhosphate  Rock* 

Sodium  flouride* 

20 

20 

5 

... 

20 

mm  mm 

5 

— 

25 

5 

— 

*  Phosphate  rock  and  sodium  fluoride  were  used  in  order  to  improve 
conditions  for  enlarging  the  metallic  particles. 

During  the  pyrometallurgic  preparation  of  ores  without  a  sulfidiaer, 
the  sinter  particles  are  composed  only  of  a  ferronickel  solution  with 
variable  contents  of  iron  and  nickel.  The  inclusions  in  the  slag  phase 
are  differentiated  in  size  as  follows?  large  residues  0.35  -  5  cm  in 
size,  and  small  inclusions  from  0.02  mm  and  smaller  (the  average  size 
of  inclusions  was  0,003  -  0,010  mm).  The  fine  inclusions  are  concentrated 
in  small  areas  0.15-1,5  e®  in  size,  where  its  density  reaches  5-'*0^, 

In  the  rest  of  the  slag  single  inclusions  occur,  the  quantity  of  which 
on  the  whole  does  not  exceed  1-2^.  The  large  grains  from  0,1-5  mm.  i.e,, 
the  basic  mass  of  metal  (90-95?^)  are  rounded  (Figure  l).  Such 
inclusions  are  localized  chiefly  near  the  large  pores  and  closer  to  the 
surface.  In  samples  which  were  fired  without  additives,  the  metallic 
inclusions  have  a  dendritic,  worm-like  form  (Figure  2),  Similar 
separations  are  closely  connected  with  slag  and  are  frequently 
reminiscent  cf  graphic  intergrowth. 

During  the  thermal  preparation  of  ores  without  pyrite  additives, 
a  great  quantity  of  iron  is  reduced,  in  connection  with  which  the 
nickel  content  in  pure  metallic  residues  fluctuates  within  the  wide 
limits  of  2~l6,5?^o  Therefore,  with  the  high  content  of  iron  in  the 
ore  and  the  application  of  this  method  for  thermal  preparation  it  is 
not  possible  to  obtain  a  high  nickel  concentrate , 

In  examining  the  technological  results  of  the  concentration  of  the 
iridicated  samples  on  a  wet  magnetic  dsrum-type  separator  (see  Table  1) 
it  f ollov/s  that  the  reducing  roast  with  the  application  of  coke  dust 
only  of  lOfo  quantity,  gives  approximately  the  same  technological 
I’esults  as  a  reducing-sulfidizing  roast,  with  a  5^  addition  of  pyrite. 

The  addition  of  phosphate  rock  into  the  feed  almost  doubles  the  nickel 
content  in  its  metallic  phase,  however,  it  does  not  better  the 
technological  results.  In  exchanging  phosphate  rock  with  sodium 
fluoride  (5^^  consmption)  the  extraction  of  nickel  increases  with  a 
simultaneoiis  lowering  of  the  quality  of  the  concentrate  by  about  half. 

The  replacement  of  dust  (coke)  with  Kuznetsk  coal  increases  the 
extraction  of  nickel  by  2?^,  but  its  contents  drops  to  4/^. 


-  10  - 


Table  3 


A  Comparison  of  the  Concentration  Methods  of  a  Semple  of  the  Sisruktal’skiy 

Ore 

Strength 

_  _  .  V  ^  ^ 


Yield,  ia 

Content  rate* 

io 

Extrac 

tion^  fo 

of 

Method  of 
Enrichment 

Concen- 

trate_ 

Resi¬ 

dues 

Sin¬ 

ter 

Concen¬ 

trate 

Resi¬ 

dues 

Concen¬ 

trate 

Resi¬ 

dues 

niagaetio 

field 

oresteds 

Jigging*  ,  ; 

5.04 

72o45 

0,58 

15.5 

0.17 

69.9 

21.3 

Concentration 
on  the 

table  13.96 

86^04 

Oo85 

5.29 

0,126 

e-f.k 

12,80 

.. 

Wet  ciagnetio 
separatn\on 
cn  a  roller 
separator 
AX-T 

19.44 

80,56 

0,84 

5.95 

0,096 

90.86 

9.14 

700 

Wet  magnetic 
separation 
on  a  drvui- 

t:y-p3 

sspaj-ator 

15.70 

84.55 

Or  85 

4.87 

0*03 

91,91 

8,09 

765 

Dry  magnetic 
separatiorx 
on  a  disc 
separator 

'16o45 

85.55 

0c84 

4  c  60 

0.101 

89.97 

10,03 

,1590 

*  The  middlings  conta?-2i  Oo21^  Kio  The  nickel  extraction  in  it  amoun.ts 
to  (with  the  middlings  comprising  24^5?^) 


Finally,  it  has  to  be  poijated  out  that  from  the  InTestigated  methods 
of  pyrometallurgic  preparation  the  highest  technological  indices  were 
obtained  with  a  r€?ducdng  sulfidizing  roast  (the  consumption  of  coke 
dust  is  pyrite  5^,  and  limestone  5^)o  It  should  be  pointed  ou.t 

that  during  such  experiments  a  slightly  higher  nickel  bearing  sinter 
was  obtained j)  containing  1*96/^  Nio  Along  with  this  method  it  is 
poBciicle  to  employ  ore  reduction  processes  which  involve  tho  use  cf 
ccka«<rj.st  only-consumption  up  to  205^^  --  or  a  mixture  of  coke  dust  with 
phosphate  rock  of  sodium  fltiorideo 


During  investigation  of  beneficiation  of  the  samples,  fired  with 
or  without  additions  of  phosphate  rock  and  NaF,  the  possible  application 
of  various  methods  of  concentration  were  studied:  jigging,  concentration 
on  a  table  5  megnetic  separation  and  a  combination  of  these  methods  c» 

Comparison  of  the  beneficiation  methods  for  samples  of  magnesium 
ores  of  the  Buruktal*sk  deposit,  roasted  with  20^  coke  dust  and  4^  NaF, 
and  samples  of  ores  from  the  Kimpersaysk  deposit,  roasted  with  jfo 
phosphate  rock,  is  illustrated  on  Table  3o 

Data  in  Table  5,  as  well  as  tests  carried  out  with  other  samples, 
show  that  the  most  effective  way  (method)  of  concentration  of  the 
reduced  ore  is  wet  magnetic' separation  on  a  separator  with  a  weak 
magnetic  field  (H  =  7^5  oersteds). 

In  coarse  material  —  1  mm  —  a  high  extraction  of  nickel,  about 
91/fe  with  a  4® 87?^  concentration  in  its  contents,  was  obtained*  In  the 
direct  magnetic  separation  without  supplementary  operations  more  than 
84/^  of  waste  residues  were  obtained  with  a  0*08^  Ni  content*  The 
extraction  of  cobalt  by  such  a  process  amounts  to  82^^  with  a  9*5^ 
concentration  in  its  content# 

Concentration  on  a  concentration  table  and  jigging  on  a  reciprocating 
jig  yielded  a  lower  extraction,  since  Mth  the  gravitational  method  of 
concentration  a  richer  residue  is  obtained  due  to  the  free  metallic 
particles  0o02-0#03  mm  in  diameter  and  0#01  mm  thickness  which  are 
extracted  through  magnetic  separation*  Besides,  during  magnetic 
separation  slag  particles  with  finely  dispersed  inclusions  of  the  metal 
are  e3:tr acted,  due  to  the  increased  magnetic  attraction#  In  the 
gravitational  method  such  particles  are  not  extracted,  since  the  finely 
dispersed  inclusions  do  not  influence  the  specific  weight  of  the  slag® 

Conclusions 


1 #  The  possibility  of  beneficiating  nickel  oxide  ores  has  been 
determined  by  the  flotation  method  and  magnetic  separation,  with 
preliminary  pyrometallurgic  preparation  either  by  a  reducing-sulfidizing 
roast  with  the  addition  of  coke  dust  and  pyrite,  or  by  a  direct  redaction 
with  coke  dust  in  the  presence  of  phosphate  rock  or  sodium  fluoride# 

In  utilizing  the  reduction  sulfidizing  roast  it  is  necessary  to 
employ  a  combined  method  of  concentration  —  flotation  and  magnetic 
separation#  In  carrying  out  the  reducing  roast  without  the  addition  of 
pyrite,  the  basic  process  of  concentration  is  wet  magnetic  separation# 
Utilizing  this  scheme  in  order  to  separate  coarse  residues  up  to 
1«2o5  nm  liberated  during  the  refining,  it  is  expedient  to  include 
jigging  or  hydraulic  classification* 
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2e  Enriching  the  nickel  oxide  ore  with  a  content  of  0o8  -  1o5?^  Ni, 
prepared  according'  to  the  pyrometallurgic  method,  a  concentrate  with  a 
7-^  Ni  content  may  he  obtained  with  an  extraction  of  V/ith 

lower  extractions  on  the  order  of  75-825^5  ^  concentrate  of  11-14^  Ni  may 
he  ohtainedo 

3  a  The  nickel  content  in  the  concentrate  basically  depends  on  the 
quantity  of  the  rediiced  iron  in  the  sinter*  The  more  iron  found  in  the 
sinter,  the  lower  is  the  nickel  content  in  the  concentrate |  the  higher, 
however,  is  its  extraction* 

The  investigations  carried  out  pemit  us  to  affirm  that  the  problem 
of  the  refining  of  lean  nickel  oxide  ores  may  be  solved  in  a  positive 
wayo 
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